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DESCRIPTION 



REFRIGERATING STORAGE CABINET 



TECHNICAL FIELD 

[0001] The present invention relates to a refrigerating 
storage cabinet, and more particularly, to a refrigerating 
storage cabinet with an improved control of refrigerating 
operation . 



BACKGROUND ART 

[0002] Refrigerators for commercial use have recently been 
provided with an inverter compressor so that the refrigerating 
performance is adjusted according to the load (see patent 
document 1, for example). 

[0003] Refrigerators provided with an inverter compressor 
of this type carry out their highest allowable speed operation 
in pull down cooling. However, large, middle, and small heat 
insulating housings present clear differences among the 
internal temperatures when pull down cooling is performed 
under identical conditions in which food is not accommodated 
in the compartments, as shown in FIG. 26. The reason for this 
is that the difference in the degree of temperature drop is 
proportional to the surface area of the heat insulating housing, 
when the difference in the internal and external temperatures 
is the same. In addition, the heat capacity of an internal 
wall material or rack is significant as the box becomes larger. 



ATTACHMENT B i 



Patent document 1: JP-A-2002-195719 gazette 

DISCLOSURE OF THE INVENTION 

PROBLEM TO BE OVERCOME BY THE INVENTION 

[0004] On the other hand, greater importance is placed on 
the temperature characteristic of pull down refrigeration in 
commercial use refrigerators-freezers. For example, 

refrigeration starting from a high internal temperature, such 
as 20°C, is substantially limited to an initial operation after 
installation, re-operation several times after power-off for 
maintenance, several minutes of door opening in the 
accommodation of food materials, or the accommodation of hot 
food. In the refrigerators-freezers for commercial use, 
doors are frequently opened and closed so that food materials 
are placed into and taken out of compartments where the ambient 
temperature is relatively higher. In view of these reasons, 
it should be taken into sufficient consideration that the 
internal temperature easily rises. Accordingly, a 

temperature drop characteristic should be considered as a 
returning force in the internal temperature rise. 
[0005] Accordingly, a performance test for pull down 

refrigeration is compulsory. However, the performance test 
needs to be conducted with the refrigeration units having been 
assembled to the heat insulating housings. As a result, there 
is a problem of inconvenience and complication, such as the 
problem in which the places where and the times when a test 
should be conducted are limited. 



[0006] The present invention was made in view of the 

foregoing circumstances, and an object thereof is to be able 
to refrigerate the inner atmosphere according to a 
predetermined refrigeration characteristic. 

MEANS FOR OVERCOMING THE PROBLEM 

[0007] As means for achieving the above object, the invention 
of aspect 1 is a refrigerating storage cabinet in which an 
inner atmosphere is refrigerated by a refrigeration unit, 
including a compressor and an evaporator. This is 

characterized in that the compressor is of a variable 
performance type. In addition, this is characterized by 
storing means for storing data of a cooling characteristic 
indicative of a time-varying mode of a reduction in a target 
physical amount associated with cooling, such as an internal 
temperature, and also by operation control means for varying 
the performance of the compressor on the basis of the output 
of a physical amount sensor detecting the physical amount so 
that the physical amount is reduced by following the cooling 
characteristic read from the storage means. 

[0008] The invention of aspect 2 is characterized in that 
in aspect 1 the inner atmosphere is modified to be refrigerated 
to a predetermined set temperature. The cooling 

characteristic is a pull down cooling characteristic 
associated with a pull down cooling zone, which is a 
temperature zone from a high temperature, apart from the set 
temperature, to near the set temperature. 



[0009] The invention of aspect 3 is characterized in that 
in aspect 1 control-cooling is modified to be performed. The 
compressor is operated when the internal temperature has 
reached an upper limit temperature, higher by a predetermined 
value than the set temperature. The compressor is stopped 
when the internal temperature has reached a lower limit 
temperature, lower by a predetermined value than the set 
temperature. The compressor is repeatedly operated and 
stopped so that the inner atmosphere is maintained about the 
set temperature, whereby control-cooling is performed. The 
cooling characteristic is a control-cooling characteristic 
associated with the control-cooling zone. 

[0010] The invention of aspect 4 is characterized in that, 
in any of the aspects 1 to 3, the compressor is a 
speed-controllable inverter compressor. The operation 
control means comprises a physical amount change computing 
section computing a reduction degree of the physical amount 
on the basis of a signal of the physical amount sensor at each 
predetermined sampling time. A target physical amount 
reduction degree output section provides a target physical 
amount reduction degree in the physical amount at the sampling 
time, on the basis of the cooling characteristic stored in 
the storage means, at every sampling time. A comparing 
section compares the actual physical amount reduction degree 
computed by the physical amount change computing section with 
the target physical amount reduction degree produced by the 
target physical amount reduction degree output section. A 



speed control section controls the inverter compressor so that 
the speed of the inverter compressor is increased when the 
actual physical amount reduction degree is smaller than the 
target physical amount reduction degree, and so that the speed 
of the inverter compressor is decreased when the actual 
physical amount reduction degree is larger than the target 
physical amount reduction degree, based on the results of a 
comparison by the comparing section. 

[0011] The physical amount reduction degree is defined as 
an amount of reduction in the physical amount per unit of time. 
[0012] The invention of aspect 5 is characterized in that 
in aspect 4 the refrigerating characteristic is represented 
as a linear function involving a physical amount and time. 
The target physical amount reduction degree output section 
provides the target physical amount reduction degree as a 
constant value. 

[0013] The invention of aspect 6 is characterized in that 
in aspect 4 the refrigerating characteristic is represented 
as a quadratic function involving a physical amount and time. 
The physical amount reduction degree output section computes 
a physical amount reduction degree in the physical amount at 
every sampling time, providing a computed value based on the 
quadratic function as the target physical amount reduction 
degree . 

[0014] The invention of aspect 7 is characterized in that 
in aspect 4 the refrigerating characteristic is represented 
as an exponential function involving a physical amount and 
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time. The physical amount reduction degree output section 
computes a physical amount reduction degree in the physical 
amount at every sampling time, providing a computed value based 
on the exponential function as the target physical amount 
reduction degree. 

[0015] The invention of aspect 8 is characterized in that 
in aspect 4 a reference table is previously made so as to place 
a physical amount and a target physical amount reduction degree 
into a correspondence with each other on the basis of a cooling 
characteristic. The target physical amount reduction degree 
output section has a function of retrieving and providing the 
target physical amount reduction degree corresponding to the 
current physical amount in the reference table. 
[0016] The invention of aspect 9 is characterized in that 
in aspect 4 the inner atmosphere is modified to be refrigerated 
to a predetermined set temperature. The cooling 

characteristic is a pull down cooling characteristic 
associated with a pull down cooling zone, which is a 
temperature zone from a high temperature, apart from the set 
temperature, to near the set temperature. At a first half side 
of the pull down cooling zone, the pull down cooling 
characteristic is represented as a linear function involving 
a physical amount and time, and the target physical amount 
reduction degree output section provides the target physical 
amount reduction degree as a constant value. At a second half 
side of the pull down cooling zone, the pull down cooling 
characteristic is represented as a quadratic function 



involving a physical amount and time, and the target physical 
amount reduction degree output section computes the physical 
amount reduction degree in the physical amount at every 
sampling time, providing a computed value based on the 
quadratic function as the target physical amount reduction 
degree. Alternatively, a reference table is previously made 
so as to place a physical amount and the target physical amount 
reduction degree into a correspondence with each other on the 
basis of a cooling characteristic. The target physical amount 
reduction degree output section has a function of retrieving 
and providing the target physical amount reduction degree 
corresponding to the current physical amount in the reference 
table . 

[0017] The invention of aspect 10 is characterized in that 
in aspect 4 a plurality of programs are provided that vary 
the performance of the compressor so that a physical amount 
associated with cooling, such as an internal temperature, is 
reduced following a predetermined cooling characteristic. 
The programs have different cooling characteristics wherein 
each program is selectively stored in a control means, provided 
in the refrigeration unit, so as to be executable. 
[0018] The invention of aspect 11 is characterized in that 
in aspect 2 a plurality of target pull down cooling 
characteristics is provided. Each pull down cooling 
characteristic is selectively readable according to a 
condition or the like. 

[0019] The invention of aspect 12 is characterized in that 



in aspect 11 one of the pull down cooling characteristics is 
selectable according to the zone of the physical amount 
associated with cooling, such as an internal temperature. 
[0020] The invention of aspect 13 is characterized in that 
in aspect 11 each pull down characteristic is indicative of 
a time-varying mode of reduction in temperature. The 
condition is the difference between the set temperature and 
an actual internal temperature. The pull down cooling 
characteristic with a relatively smaller degree of 
temperature drop is selected when the difference is less than 
a predetermined value. The pull down cooling characteristic 
with a relatively larger degree of temperature drop is selected 
when the difference is above the predetermined value. 
[0021] The degree of temperature drop is defined as the 
amount of temperature drop per unit of time. 

[0022] The invention of aspect 14 is characterized in that 
in aspect 13 one of the pull down cooling characteristics is 
an auxiliary cooling characteristic with a temperature curve 
in which a convergence temperature remains at a temperature, 
higher than the set internal temperature by a predetermined 
value. The auxiliary cooling characteristic is selected when 
a difference between the internal temperature and the 
evaporation temperature of the evaporator is at or above a 
predetermined value, or when the internal temperature is apart 
from a target temperature by a predetermined value or above. 
[0023] The invention of aspect 15 is characterized in that 
in aspect 1 pull down cooling is performed in which an inner 
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atmosphere is cooled from a high temperature apart from the 
set temperature, to near a set temperature. Control-cooling 
is performed in which the compressor is operated when the 
internal temperature has reached an upper limit temperature, 
higher by a predetermined value than the set temperature. The 
compressor is stopped when the internal temperature has 
reached a lower limit temperature, lower by a predetermined 
value than the set temperature. The compressor is repeatedly 
operated and stopped so that the inner atmosphere is maintained 
about the set temperature. With regard to a pull down cooling 
zone, the storing means stores the data of a pull down cooling 
characteristic indicative of a time-varying mode of reduction 
in a target physical amount associated with cooling, such as 
an internal temperature. The performance of the compressor 
is varied on the basis of the output of a temperature sensor, 
detecting the internal temperature, so that the internal 
temperature is reduced following a cooling characteristic 
read from the storing means. With regard to a control-cooling 
zone, the performance of the compressor is varied so that the 
internal temperature is reduced from the upper limit 
temperature to the set temperature by following the pull down 
cooling characteristic read from the storing means. The 
operation control means is provided for decreasing the 
performance of the compressor after the internal temperature 
has reached the set temperature. 

[0024] The invention of aspect 16 is characterized in that 
in aspect 1 the operation control means has a function of 



increasing the performance of the compressor when the internal 
temperature has reached the set temperature and rises again, 
after a reduction in the performance of the compressor. 



EFFECT OF THE INVENTION 
<The invention of aspect 1> 

[0025] The storing means previously stores data of a cooling 
characteristic indicative of a time-varying mode of reduction 
in a target physical amount. In refrigerating operation, the 
cooling characteristic is read from the storing means. The 
performance of the compressor is controlled so that a physical 
amount detected by the physical amount sensor is reduced 
following the cooling characteristic read from the storage 
means . 

[0026] More specifically, the inner atmosphere is 

refrigerated according to a predetermined cooling 
characteristic irrespective of the conditions such as the 
capacity of the heat insulating housing. The cooling 
characteristic is optionally settable with a wide range such 
as the one in which a reduction in the physical amount changes 
from moment to moment. 
<The invention of aspect 2> 

[0027] The inner temperature rises to a large extent with 
the opening of the door. With regard to pull down cooling 
reducing the raised temperature to a set temperature, a pull 
down cooling characteristic is previously stored that is 
indicative of a time-varying mode of the reduction in a target 



physical amount. The performance of the compressor is 
controlled so that the corresponding physical amount is 
reduced following the pull down cooling characteristic. 
[0028] In other words, pull down cooling is performed 

according to a predetermined pull down cooling characteristic, 
irrespective of conditions such as the capacity of the heat 
insulating housing. Accordingly, the performance test in 
pull down cooling has no relation with an actually used heat 
insulating housing to which the refrigeration unit is attached. 
For example, a test heat insulating housing can be used for 
the performance test. Consequently, the degree of freedom in 
the place and time of the performance test can be increased 
to a large extent. 
<The invention of aspect 3> 

[0029] The performance of the compressor is controlled so 
that the corresponding physical amount is reduced following 
the control-cooling characteristic during the operation of 
the compressor in control-cooling. When the control-cooling 
characteristic is set at a gentle gradient, the cooling can 
be carried out while the compressor is in low performance 
operation, namely, while energy savings are achieved. On the 
other hand, when the control-cooling characteristic is 
suitably set at a lower limit temperature, the operation of 
the compressor can reliably be stopped, whereby a defrosting 
operation is performed in the evaporator. Accordingly, a 
large amount of frost can be prevented. 
<The invention of aspect 4> 



, mt 12 

[0030] In the cooling operation, an actual physical amount 
reduction degree is obtained on the basis of the detected 
physical amount, while a target physical amount is produced 
from the data of the cooling characteristic. The inverter 
compressor is controlled so that the speed of the inverter 
compressor is increased when the actual physical amount 
reduction degree is less than the target physical amount 
reduction degree. In a contrary case, the inverter compressor 
is controlled so that the speed of the inverter compressor 
is decreased or the inverter compressor is stopped. The 
control is repeated so that the inner atmosphere is cooled 
according to the predetermined cooling characteristic. 
<The invention of aspect 5> 

[0031] Since the target physical amount reduction degree is 
constant irrespective of a lapse of time, calculation is not 
required. Accordingly, the control system can be simplified. 
<The invention of aspect 6> 

[0032] The cooling characteristic is represented as a 

quadratic function involving a physical amount and time. A 
target physical amount reduction degree is computed from the 
quadratic function as an amount of reduction in the physical 
amount per unit of time at every sampling time. For example, 
a temperature drop characteristic that has had real 
accomplishments in the market and has earned a fine reputation 
from its users can be used as the target temperature drop 
characteristic in pull down cooling. 
<The invention of aspect 7> 



[0033] The refrigerating characteristic is represented as 
an exponential function involving a physical amount and time. 
A target physical amount reduction degree is computed from 
the exponential function as an amount of reduction in the 
physical amount per unit of time at every sampling time. For 
example, when the temperature in the heat insulating housing 
drops due to heat radiation, in many cases the temperature 
change is approximated by the curve of an exponential function. 
Consequently, a temperature drop characteristic can be used 
in keeping with the actual temperature drop. 
<The invention of aspect 8> 

[0034] The target physical amount reduction degree 

corresponding to a current physical amount is retrieved and 
provided to the reference table at every sampling time. A 
physical amount reduction characteristic of an approximate 
quadratic function is applicable. A target physical amount 
reduction degree is obtained only by referring to the reference 
table and no calculation is required. Consequently, the 
control speed can be increased. 
<The invention of aspect 9> 

[0035] For example, in a refrigerator with a set internal 
temperature of 3°C, it is rare that the internal temperature 
rises to 15°C or 20°C, even though the door is frequently opened 
and closed or a large amount of warm food material is placed 
within the refrigerator. It is the zone at or lower than 20°C 
or 15°C that requires a returning force. In this zone, rapid 
refrigeration following a pull down cooling characteristic 
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of a quadratic function is desirable. However, when a 
quadratic function is applied to a zone at or higher than 20°C 
or 15°C (first half of the pull down cooling), a large cooling 
performance is required. Accordingly, an inverter compressor 
able to cope with high-speed rotation or an evaporator with 
a large capacity is required. In other words, in order to cope 
with the first half of pull down cooling, which has a low 
frequency of occurrence and is less important, providing the 
above inverter compressor or evaporator is nearly excessive. 
[0036] In the invention, a linear function is applied to the 
pull down cooling characteristic in the first half of pull 
down cooling. A quadratic or approximate exponential 
function is applied to the pull down cooling characteristic 
in the second half of pull down cooling. In the case where 
a linear function is followed, the rotational speed of the 
inverter compressor is initially low and is gradually 
increased. Accordingly, an inverter compressor able to cope 
with unnecessary high-speed rotation or an evaporator with 
a high heat-radiating performance is not provided. On the 
other hand, rapid refrigeration can be realized in a second 
half of pull down cooling requiring an internal temperature 
returning force. 
<The invention of aspect 10> 

[0037] For example, when pull down cooling is actually used 
in a refrigerating storage cabinet, the conditions of use may 
have large variations, e. g. an extremely large 
opening-closing frequency or conversely, the door is almost 
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never opened or closed. Accordingly, a plurality of programs 



prepared and selectively executed. Consequently, optimum 
cooling can be performed that meets the conditions of use. 
<The invention of aspect 11> 

[0038] A plurality of pull down cooling characteristics is 
provided having different change modes for the physical amount. 
Each pull down cooling characteristic is selectively read and 
executed . 

<The invention of aspect 12> 

[0039] For example, in the case where pull down cooling is 
performed for a freezer, when the internal temperature is very 
high, refrigeration is suitable in which the temperature drop 
is gentle. When the internal temperature has dropped to some 
extent, refrigeration causing a large temperature drop is 
desirable in order to prevent the deterioration of the food 
material. Furthermore, for the freezing temperature zone 
(0°C to -5°C) , the quality of frozen food, such as meat or 
fish, is improved when the freezing temperature zone (0°C to 
-5°C) is passed as early as possible. 

[0040] A plurality of target cooling characteristics is 
provided in pull down cooling. A suitable one of the target 
cooling characteristics is selected according to the 
temperature zone in the interior. Consequently, optimum 
temperature control is possible over the entire zone of pull 
down cooling. 

<The invention of aspect 13> 



having different pull down cooling 




[0041] For example, during operation in the control 

refrigeration zone, the door is frequently opened and closed 
or warm food is placed into the refrigerating storage cabinet, 
whereupon the internal temperature rises to a large degree. 
In this case, the refrigerating storage cabinet proceeds to 
an operation that conforms to a pull down cooling 
characteristic with a large temperature drop. When the 
difference between the internal temperature and the set 
temperature is at or below a predetermined value, a normal 
pull down cooling characteristic is selected with a relatively 
smaller temperature drop degree. When the difference exceeds 
the predetermined value, a pull down cooling characteristic 
having a relatively larger temperature drop degree is selected. 
The above is effective when a rapid temperature return is 
performed in a case where the internal temperature is outside 
of the control-cooling zone. 
<The invention of aspect 14> 

[0042] The heat-exchange characteristic is deteriorated 
when an amount of frost formation is on the evaporator. When 
the operation is continued following a target-cooling 
characteristic, the rotational speed of the compressor needs 
to be increased, resulting in a waste of power. In view of 
this, when the difference between the internal temperature 
and the evaporation temperature is at or below a predetermined 
value, an auxiliary cooling characteristic is selected as the 
pull down cooling characteristic to be followed. The 
auxiliary cooling characteristic has a temperature curve in 



which a convergence temperature remains at a temperature that 
is higher by a predetermined value than the set internal 
temperature. More specifically, the above is effective for 
achieving energy savings without excessive cooling, and also 
for preventing frost formation. 

[0043] Furthermore, when the internal temperature is apart 
by a predetermined value from the set temperature without 
following the target -cooling characteristic, the 
above-described auxiliary cooling characteristic is selected. 
Thus, this control manner can be used as emergency measure. 
<The invention of aspect 15> 

[0044] When the pull down cooling zone is changed to the 
control-cooling zone, the compressor is continuously 
controlled so as to follow the pull down cooling characteristic. 
When the internal temperature has dropped to the set 
temperature, the performance of the compressor is lowered, 
whereby the internal temperature gradually drops at a gentler 
gradient. Thereafter, when the internal temperature has 
reached the lower limit temperature, the compressor is 
stopped . 

[0045] In the control-cooling zone, the internal temperature 
is rapidly decreased to the set temperature following pull 
down cooling. Accordingly, even when the compressor is 
thereafter operated at a lower performance level for energy 
savings, the internal temperature is decreased to the lower 
limit temperature in a suitable time so that the compressor 
can be stopped. A defrosting operation is carried out in the 
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evaporator, thereby preventing the formation of a large amount 
of frost. 

<The invention of aspect 16> 

[0046] When the load or the like raises the internal 

temperature, which was currently being decreased from the set 
temperature to the lower limit temperature, it takes a large 
amount of time to drop the internal temperature to the lower 
limit temperature thereafter. Accordingly, the compressor is 
continuously operated for a long period of time. In view of 
this, the performance of the compressor is increased when the 
internal temperature starts to rise, so that the internal 
temperature falls again to the lower limit temperature. 
Consequently, the compressor can be reliably stopped at a 
suitable time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] [FIG. 1] A perspective view of the 

refrigerator-freezer in accordance with embodiment 1 of the 
present invention ; 

[FIG. 2] An exploded perspective view thereof; 

[FIG. 3] A diagram of freezing circuit; 

[FIG. 4] A partial sectional view of a refrigeration 

unit; 

[FIG. 5] Graphs showing the changes in pressure in a 
capillary tube; 

[FIG. 6] A block diagram of control mechanism of an 
inverter compressor ; 
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[FIG. 7] A graph showing a pull down cooling 
characteristic; 

[FIG. 8] A flowchart showing a control operation of the 
inverter compressor ; 

[FIG. 9] A graph showing changes in the temperature in 
the control-cooling zone; 

[FIG. 10] A graph showing internal temperature 
characteristics for comparison of the refrigeration and 
freezing sides; 

[FIG. 11] A graph showing a pull down cooling 
characteristic in embodiment 2; 

[FIG. 12] A flowchart showing a control operation for the 
inverter compressor ; 

[FIG. 13] A graph showing a control-cooling 
characteristic; 

[FIG. 14] A figure showing a reference table based on 
a pull down cooling characteristic in embodiment 3; 

[FIG. 15] A flowchart showing a control operation for 
the inverter compressor; 

[FIG. 16] A figure showing a reference table based on a 
control -cooling characteristic; 

[FIG. 17] A graph showing a pull down cooling 



[FIG. 18] A graph showing a mode of control-cooling in 
embodiment 5; 

[FIG. 19] A graph showing a mode of control-cooling in 
embodiment 6; 




in embodiment 4; 
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[FIG. 20] A flowchart showing a control operation for the 
inverter compressor ; 

[FIGS. 21A and 21B] An explanation and a graph of changes 
in the internal temperature in embodiment 7, respectively; 

[FIG. 22] A graph showing a cooling control manner in 
embodiment 8; 

[FIG. 23] A graph showing a cooling control manner in 
embodiment 9; 

[FIG. 24] A graph showing a cooling control manner in 
embodiment 10; 

[FIG. 25] A graph showing temperature changes in the 
control-cooling zone in a related art; and 

[FIG. 26] A graph showing temperature curves in the pull 
down cooling zone in the prior art. 



EXPLANATION OF REFERENCE SYMBOLS 

[0048] 30 • • • refrigeration unit (refrigeration device) , 32 
• • • inverter compressor (compressor) , 36 • - • evaporator, 45 
• • • control section (control means) , 46 • • • internal 
temperature sensor (physical amount sensor), 49 ••• data 
storage (storing means), 50 ••• inverter circuit, xp, xpl, 
xp (1) , xp (2) , xp (3) , xp (a) , xp (b) , xp (a) • • • ideal curves (pull 
down cooling characteristics), xc, xci ••• ideal curves 
(control-cooling characteristic) , Sp, Sc • • • actual 
temperature drop, Ap, Api, Ap 2 * • ■ target temperature drop 
degree (pull down cooling) , and Ac, Aci, Ac 2 • • ■ target 
temperature drop degree (control-cooling) . 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0049] Embodiments of the present invention will be 

described with reference to the attached drawings. The 
invention is applied to a refrigerator-freezer for commercial 
use . 

<Embodiment 1> 

[0050] Embodiment 1 will be described with reference to FIGS. 
1 to 10. 

[0051] The refrigerator-freezer is a four-door type and is 
provided with a body 10 comprising a heat insulating housing 
having an open front, as shown in FIGS. 1 and 2. A cruciform 
partition frame 11 partitions the open front into four access 
openings 12. Heat insulating walls 13 partition 

substantially a quarter of the inner space, corresponding to 
an upper right access opening 12 as viewed from the front, 
thereby forming a freezing compartment 16. The remaining 
three quarters of the inner space serve as a refrigerating 
compartment 15. Heat insulating doors 17 are pivotally 
mounted so as to respectively close and open the access 
openings 12 . 

[0052] An equipment compartment is defined on the top of the 
body 10 by a panel 19 (see FIG. 4) erected around the top of 
the body. Square openings 21, which have the same size, are 
formed in the top of the body 10, which serves as a bottom 
of the equipment compartment 20, so as to respectively 
correspond to the ceilings of the refrigerating and freezing 
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compartments 15 and 16. Refrigeration units 30 are 
respectively adapted to be individually mounted in the 
openings 21 . 

[0053] Referring to FIG. 3, each refrigeration unit 30 

includes a freezing circuit 31, formed by connecting a 
compressor 32, a condenser 33 with a condenser fan 33A, a drier 
34, a capillary tube 35, and an evaporator 36, to one another 
in a closed loop using refrigerant piping 37, as will be 
described in detail later. Furthermore, a heat insulating 
unit mount 38 is mounted to close each opening 21. The 
evaporator 36, as a part of the refrigeration unit 30, is 
mounted on the lower side of the unit mount 38. The other 
components of the refrigeration unit 30 are mounted on the 
upper side of the unit mount 38. 

[0054] On the other hand, a drain pan 22, which also serves 
as a refrigerating duct, is placed near the ceilings of the 
refrigerating and freezing compartments 15 and 16 and inwardly 
inclined downward. An evaporator compartment 23 is defined 
between the unit mount 38 and the drain pan 22, as shown in 
FIG. 4. The drain pan 22 has an inlet port 24 formed in the 
upper side thereof. The refrigerating fan 25 is mounted on 
the upper side of the drain pan 22. The drain pan 22 further 
has an outlet port 26 formed in the lower side thereof. 
[0055] Upon the powering of the refrigeration unit 30 and 
the refrigerating fan 25, essentially, air in the 
refrigerating compartment 15 (the freezing compartment 16) 
is absorbed through the inlet port 24 and into the evaporator 
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compartment 23, as shown by the arrows in the figure. While 
passing through the evaporator 36, the air is transformed into 
chilled air through heat exchange. The chilled air is 
discharged through the outlet port 26 into the refrigerating 
compartment 15 (the freezing compartment 16) , whereby the 
chilled air is circulated so that the atmosphere is 
refrigerated in the refrigerating compartment 15 (the 
freezing compartment 16) . 

[0056] The intent for the refrigeration units 30, provided 
for the refrigerating and freezing compartments 15 and 16, 
is to standardize them in this embodiment. The following 
measures are taken for this purpose, 

[0057] Firstly, the refrigerating performance of the 

refrigeration unit 30 depends upon the capacity of the 
compressor. For example, when identical compressors are used, 
the volume refrigerated on the freezing side, where the 
evaporating temperature is lower, is smaller than on the 
refrigerating side. Furthermore, a larger refrigerating 
performance is required for either refrigerating or freezing 
compartments having a larger volume. 

[0058] More specifically, the required refrigerating 

performance differs depending upon the conditions of 
distinction between refrigeration and freezing, or the 
volumes of the compartments. Accordingly, an inverter 
compressor 32 is used that has the required maximum capacity 
and a controllable rotational speed. 

[0059] Secondly, a common capillary tube 35 is used. The 



capillary tube 35 corresponds to a part from an exit of the 
drier 34 to the inlet port of the evaporator 36, in FIG. 3. 
The capillary tube 35 includes a central helical part 35A, 
which is provided for increasing the length. The total length 
of the capillary tube 35 is set at 2000 mm to 2500 mm in this 
embodiment. The refrigerant piping 37 extends from the exit 
of the evaporator 36 to an inlet of the inverter compressor 
32 and has a length of about 700 mm. Conventionally, a 
capillary tube for refrigeration has high flow 
characteristics and a capillary tube for freezing has low flow 
characteristics. In this embodiment, however, the capillary 
tube 35 has intermediate flow characteristics, between the 
refrigeration and the freezing characteristics. 
[0060] A capillary tube suitable for refrigeration has flow 
characteristics such that an internal equilibrium temperature, 
at which the freezing performance of the refrigeration unit 
balances the thermal load of the heat insulating housing, 
ranges from about 0°C to about -10°C when the refrigeration 
unit, assembled with the heat insulating housing, is driven 
at room temperature. Furthermore, a capillary tube suitable 
for freezing has flow characteristics such that an internal 
equilibrium temperature ranges from about -15°C to about -25°C. 
Accordingly, a capillary tube with intermediate flow 
characteristics between refrigeration and freezing has flow 
characteristics such that the internal equilibrium 
temperature ranges from about -10°C to about -20°C when the 
refrigeration unit is driven under the same conditions as 



described above. 

[0061] When the capillary tube 35 has intermediate flow 
characteristics as described above, there is a concern that 
the flow rate of liquid refrigerant would be inadequate for 
the refrigeration region. The following measures are taken 
in order to resolve that concern. 

[0062] In this type of freezing circuit, the refrigerant 
piping 37 at the exit side of the evaporator 36 and the 
capillary tube 35 are soldered together, thereby forming a 
heat exchanger so that the general evaporating performance 
is improved. For example, mist-like liquid refrigerant, 
which cannot be evaporated by the evaporator 36, is vaporized. 
In this embodiment, when the heat exchanger 40 is formed 
between the capillary tube 35 and the refrigerant piping 37, 
a heat exchanging portion 40A on the capillary 35 side is set 
at a predetermined area on an upstream side end of the helical 
portion 35A. The heat exchanging portion 40A is located at 
a position nearer to the entrance side of the capillary tube 
35. 

[0063] The capillary tube 35 has a large pressure difference 
between the inlet and the outlet thereof. As shown in FIG. 
5A, the flow resistance is adapted such that it is suddenly 
increased at a part of the capillary tube 35 where the liquid 
refrigerant starts to vaporize in the piping (approximately 
at a central part) . In addition, the pressure largely drops 
from this part to the downstream side (outlet side) . The heat 
exchanging section of the capillary tube 35 is conventionally 



set at a position nearer to the second half of the whole length 
of the capillary tube, and rather nearer to the outlet of the 
capillary tube. As a result, heat exchange is performed even 
after evaporation (vaporization) starts in the piping. The 
reason for this is that since the capillary tube 35 is cooled 
at the side downstream from the heat exchange position, and 
accordingly causes dew condensation and rust, the heat 
exchange position is located as much as possible to near the 
outlet side, so that the length of exposed portion in the 
refrigerated state is limited. 

[0064] In this embodiment, however, the position of the heat 
exchanging portion 40A of the capillary tube 35 is set near 
to the inlet. Specifically, the heat exchanging portion 40A 
is located before the position where the liquid refrigerant 
starts to vaporize. As a result, excessive cooling is 
increased such that the boiling start point in the piping can 
be shifted to the downstream side of the capillary tube 35, 
as shown in FIG . 5B. This results in a reduction in the total 
resistance of the capillary tube 35, whereupon the flow rate 
of the liquid refrigerant is increased substantially. 
Consequently, the problem of an insufficient flow rate of the 
liquid refrigerant can be overcome when a capillary tube 35, 
having intermediate flow rate characteristics, is used for 
the refrigerating region. 

[0065] The heat exchanging portion 40A of the capillary tube 
35 is located before the position where the liquid refrigerant 
starts to vaporize, and at least in the first half region of 



27 



the whole length of the capillary tube 35, in order that the 
above-mentioned boiling start point in the piping may be 
shifted to the downstream side of the capillary tube 35. 
Alternatively and more preferably, the heat exchanging 
portion 40A is located within a one third region at the inlet 
side (the region where there is a large amount of refrigerant 
in a liquid state) . 

[0066] Furthermore, when the heat exchanging portion 40A of 
the capillary tube 35 is provided at a position near the inlet, 
the subsequent longer portion is exposed in a cooling state. 
Accordingly, this portion is desired to be spaced as far away 
as possible from the refrigerant piping 37 and to be covered 
with a heat insulating tube (not shown). As a result, dew 
condensation and rust can be prevented. 

[0067] On the other hand, an accumulator 42 (a liquid 

separator) is provided close to the rear of the evaporator 
36 in regard to the insufficiency in throttling in the freezing 
region when the capillary tube 35 has intermediate flow 
characteristics. The accumulator 42 provides an adjustment 
capacity for storing liquid refrigerant in the refrigerating 
circuit 31 . 

[0068] The refrigerant pressure in the evaporator 36 is lower 
in the freezing range (the evaporating temperature of the 
refrigerant is low) and the density of refrigerant gas is low 
as compared with the pull down cooling range (a range of quick 
refrigeration) or the refrigeration range. Accordingly, 
since the amount of refrigerant circulated by the compressor 



32 is small, there is an excess of liquid refrigerant in the 
freezing circuit 31. However, since the excess liquid 
refrigerant is stored in the accumulator 42, the excess liquid 
refrigerant can be prevented from flowing into the capillary 
tube 35 or the like. Consequently, the capillary tube 35 has 
a substantial effect of throttling the flow rate. Thus, 
insufficiency in throttling can be overcome when the capillary 
tube 35 has intermediate flow characteristics. 
[0069] Regarding the standardization of the capillary tube 
18, the capillary tube 35 is adapted for the freezing range 
with a low flow rate when the capillary tube 35 has intermediate 
flow rate characteristics and an accumulator 42 is provided 
directly behind the outlet of the evaporator 36 in order to 
achieve a throttling effect for a reduction in the flow rate 
of the liquid refrigerant. In addition, the heat exchanging 
portion 40A of the capillary tube 35 is located at the side 
nearer to the inlet so that the total resistance in the piping 
is reduced, whereby the flow rate of the liquid refrigerant 
is increased. More specifically, the capillary tube 35 is 
adapted to the pull down cooling range with a high flow rate 
and the refrigeration range. 

[0070] When the accumulator 42 is provided at the downstream 
side of the heat exchanging portion 40A of the refrigerant 
piping 37, there is a possibility that the refrigerant may 
flow into the heat exchanging portion 40A in a mixed gas-liquid 
state. In this case, the liquid refrigerant evaporates. In 
other words, the heat exchanging portion 40A performs the 
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evaporation of the liquid refrigerant as excessive work 
otherwise conducted by the evaporator 36. This leads to a 
reduction in the refrigerating performance in the freezing 
circuit 1 . 

[0071] In this embodiment, however, the accumulator 42 is 
provided directly behind the outlet of the evaporator 36, 
specifically, at the upstream side of the heat exchanging 
portion 40B of the refrigerant piping 37. Accordingly, since 
only refrigerant gas flows into the heat exchanging portion 
40B so that excessive evaporation is not performed, the 
intrinsic refrigerating performance of the freezing circuit 
31 can be ensured. 

[0072] Furthermore, the heat exchanging portion 4 OA is set 
at the side nearer to the inlet of the capillary tube 35. As 
a result, there is a concern that the flow rate of liquid 
refrigerant may also be increased on the freezing side. 
However, the concern can be overcome as follows. 
[0073] In the refrigerating circuit 31 with the capillary 
tube 35, the high-pressure side and the low-pressure side 
basically share the refrigerant. Conceptually, in the 
refrigeration range the refrigerant is in the condenser 33 
and the evaporator 36 (including the pull down cooling range) , 
whereas a large amount of refrigerant is in the evaporator 
36 and accumulator 42 and a small amount of refrigerant is 
in the condenser 33. Accordingly, the refrigerant flows into 
the capillary tube 35 as a completely liquid flow in the 
refrigerating range. However, since the refrigerant flows in 
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the mixed gas-liquid state in the freezing range, the flow 
rate of the refrigerant is reduced. Accordingly, even when 
heat exchange is carried out at a position nearer to the inlet 
of the capillary tube 35 such that excessive cooling occurs, 
the flow rate of the refrigerant is not greatly increased. 
[0074] On the contrary, as a result of the provision of the 
accumulator 42, there is a possibility that the flow rate may 
be reduced in the refrigeration range (including the pull down 
cooling range) . However, for a reason opposite to the reason 
previously provided, the compressor 32 circulates a large 
amount of refrigerant in the refrigeration range (including 
the pull down cooling range). Accordingly, the amount of 
excess liquid refrigerant in the freezing circuit 31 is small. 
Because of this, only a little liquid refrigerant is stored 
in the accumulator 42. Therefore, it is considered that there 
is almost no possibility of a reduction in the flow rate. 
[0075] As described above, the refrigeration units 30 employ 
a common structure for refrigeration and freezing. On the 
other hand, the refrigeration units 30 are individually 
controlled in operation. 

[0076] This is based on the perception that a temperature 
characteristic in pull down cooling changes to a large extent 
depending upon conditions such as the division between 
refrigeration and freezing or the internal capacity. In the 
refrigerators-freezers for commercial use, doors are 
frequently opened and closed so that food materials are placed 
into and taken out of compartments, and the ambient temperature 
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is relatively higher. In view of this, it should be taken into 
sufficient consideration that the internal temperature may 
easily rise. Accordingly, temperature drop characteristics 
should be considered as a returning force in the internal 
temperature rise, specifically, pull down cooling temperature 
characteristics. Consequently, a performance test is 
compulsory for pull down cooling. However, since the 
refrigeration speed largely depends upon a heat insulating 
housing as described above, the performance test needs to be 
conducted with the refrigeration units already assembled with 
the heat insulating housings. As a result, there is a problem 
in that the complexity of the performance test cannot be 
overcome, even when the refrigeration units are standardized. 
[0077] In this embodiment, means is provided for controlling 
the internal temperature along a temperature curve in pull 
down cooling without dependence on the heat insulating 
housing . 

[0078] For this purpose, as shown in FIG. 6, a control 45 
is provided that includes a microcomputer and executes a 
predetermined program. The control 45 is enclosed in an 
electrical equipment box 39 provided on an upper side of the 
unit mount 38. An internal temperature sensor 46, detecting 
an internal temperature, is connected to the input side of 
the control 45. 

[0079] The control 45 is provided with a clock signal 

generator 48 and data storage 49, which stores a linear line 
'a' of a linear function as an ideal temperature curve in pull 
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down cooling, as shown in FIG. 8. When the ideal curve is a 

linear line *a' , a target internal temperature drop degree 

(temperature change per unit of time AT/ At ) is a predetermined 

value y A' irrespective of the internal temperature. 

[0080] An inverter compressor 32 is connected via an inverter 

circuit 50 to the input side of the control 45. 

[0081] Pull down control starts when the internal 

temperature has risen to or above a set internal temperature 

by a predetermined value. 

[0082] As shown in FIG. 8, an actual internal temperature 
drop degree X B' is obtained at every detection cycle. The 
obtained value * B' is compared with a target value 'A' read 
from data storage 49. When the obtained value 'B' is equal 
to or below the target value X A' , the rotational speed of the 
inverter compressor 32 is increased via the inverter circuit 
50. On the other hand, when the obtained value *B' is larger 
than the target value 'A' , the rotational speed of the 
compressor 32 is reduced. This is repeated at predetermined 
time intervals so that pull down cooling is carried out along 
an ideal curve (linear line xp) . 

[0083] After the above-described pull down cooling, control 
refrigeration is preformed for both refrigeration and 
freezing. As a result, the internal temperature is maintained 
at a value close to the previously set temperature. The 
following advantages can be obtained from provision of an 
inverter compressor 32. In the execution of control 
refrigeration, when the inverter compressor 32 is controlled 
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so that the rotational speed thereof is reduced stepwise in 
the vicinity of the set temperature, the temperature drops 
quite slowly. As a result, a significantly longer continuous 
ON time is generated for the compressor, or in other words, 
the number of occurrences of ON-OFF switching is reduced to 
a large extent. Furthermore, low-speed operation results in 
high efficiency and energy saving. 

[0084] In the above-described case, the refrigerating 

performance in the low-speed operation of the inverter 
compressor 35 needs to be set to exceed an assumed standard 
thermal load. When the refrigerating performance cannot 
exceed the assumed thermal load, the internal temperature is 
not lowered to the set temperature but instead is thermally 
balanced, remaining at a value above the set temperature. 
When a common refrigeration unit 30, including the inverter 
compressor 32, is used as in this embodiment, the heat 
insulating housing having the highest heat invasion amount 
characteristics needs to be regarded as the thermal load. 
[0085] Special attention is paid to refrigerators (freezers) 
for commercial use so that the variations in internal 
temperature distribution are minimized, in order that the food 
materials may be stored at a predetermined level of quality. 
For this purpose, the refrigeration fan 23 has the function 
of circulating a large amount of air. Consequently, a 
relatively larger amount of heat is generated by the electric 
motor of the fan. When this condition is accompanied with 
another or other conditions such as the heat capacity of food 
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materials, ambient temperature, frequency of door operations 
and the like, sometimes a larger than expected thermal load 
is generated. As a result, the internal temperature may 
remain at a value slightly lower than a set temperature, even 
though the inverter compressor 32 is operating at a low-speed, 
or the ON time may be made excessively long when the temperature 
drop results in only a slight change. 

[0086] It can be considered that there is no problem when 
the internal temperature remains at a value slightly lower 
than the set temperature. However, it is not preferable for 
the continued operation of the refrigerator while the inverter 
compressor 32 remains in an on state. The reason for this is 
that frost continuously falls on the evaporator 36 due to 
outside air entering into the refrigerator with the opening 
and closing of the doors 17, or due to aqueous vapor emanating 
from food material. Conversely, the temperature of the 
evaporator 36 is increased to or above 0°C when the inverter 
compressor 32 is suitably turned off. As a result, it is 
considered preferable to have a suitable OFF time in order 
to maintain the heat exchanging function of the evaporator 
36. 

[0087] In this embodiment, energy savings are achieved by 
taking advantage of the use of the inverter compressor 32 in 
control refrigeration. With this, control means is provided 
to reliably afford an OFF time. 

[0088] In short, the inverter compressor 32 is controlled 
in the control refrigeration range so that the internal 
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temperature is in alignment with an ideal temperature curve, 
in the same manner as the in the foregoing pull down cooling 
range. This temperature curve is set as linear line xc, which 
has a gentler gradient than the ideal curve (linear line xp) 
in pull down cooling, as shown in FIG. 9. In the case of the 
ideal curve xc, too, the internal temperature drop degree is 
constant but smaller than the ideal curve xp . 
[0089] The ideal curve xc is stored in data storage 49 and 
used in the execution of a control refrigeration program that 
is also stored in the control 45. 

[0090] Control refrigeration basically has the same 

operating characteristics as in pull down cooling. Control 
refrigeration starts when the internal temperature has 
dropped to an upper limit temperature Tu, which is higher than 
a set temperature To by a predetermined value. In control 
refrigeration, the internal temperature is detected at 
intervals of predetermined periods. An actual internal 
temperature drop degree Sc is obtained in synchronization with 
the detection of the internal temperature and thereby compared 
with a target value of the internal temperature drop degree 
Sc. The obtained drop rate Sc is compared with a target value 
Ac (constant) of the internal temperature drop degree under 
the ideal temperature curve xc. When the obtained value Sc 
is less than the target value Ac, the rotational speed of the 
inverter compressor 32 is increased. On the contrary, when 
the obtained value Sc is larger than the target value Ac, the 
rotational speed of the inverter compressor 32 is reduced. 
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This is repeated at intervals of predetermined periods so that 
the internal temperature slowly drops along the ideal curve 
(linear line xc) . 

[0091] The inverter compressor 32 is turned off when the 
internal temperature is reduced to a lower limit temperature 
Td, which is lower than the set temperature To by a 
predetermined value, whereupon the internal temperature 
slowly rises. When the internal temperature returns to the 
upper limit temperature Tu, temperature control along the 
temperature curve xc is again performed. Thus, the procedure 
is repeated so that the interior is maintained about the set 
temperature To. 

[0092] According to the control in control refrigeration, 
refrigeration can be performed via the use of the inverter 
compressor 32 together with energy savings, and an OFF time 
for the inverter compressor 32 can be reliably ensured. As 
a result, a large amount of frost can be prevented because 
the evaporator 36 performs a defrosting function. 
[0093] Thus, for example, an operation program Px 

(refrigeration program Px) is provided that controls the 
inverter compressor 32 so that the internal temperature is 
in alignment with a temperature characteristic X (see FIG. 
10) . This includes the ideal curves xp and xc, from pull down 
cooling to control refrigeration on the refrigeration side, 
for example. 

[0094] On the other hand, at the freezing side, the set 
internal temperature differs from the set internal 
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temperature at the refrigeration side, although the basic 
control operation at the freezing side is the same as at the 
refrigeration side. Furthermore, the operating time of the 
inverter compressor 32 is made shorter at the freezing side 
than at the refrigeration side in order for the prevention 
of frost formation during the control refrigeration, 
whereupon an ideal curve at the freezing side differs from 
the ideal curve at the refrigeration side. Accordingly, an 
operation program Py (freezing program Py) is required that 
controls the inverter compressor 32 so that the internal 
temperature is in alignment with a temperature characteristic 
Y in the aforesaid figure at the freezing side, for example. 
[0095] Each refrigeration unit 30 is provided with an 

equipment box 39 in which the control 45 is enclosed. Both 
of the above-mentioned programs Px and Py are stored in the 
control 45 together with data of ideal curves. 
[0096] The embodiment has a structure as described above. 
The body 10, comprising the heat insulating housing, and two 
standardized refrigeration units 30, separate from the body, 
are carried to an installation site. The refrigeration units 
30 are respectively mounted in the openings 21 of the ceilings 
of the refrigerating and freezing compartments 15 and 16. 
Thereafter, when set internal temperatures have been 
respectively supplied to the refrigerating and freezing 
compartments 15 and 16. Furthermore, the refrigerating 
program Px is selected at the control section 45 provided in 
the refrigeration unit 30, attached to the refrigerating 



compartment 15 side, by switches (not shown) or the like 
provided in the equipment box 39. On the other hand, the 
freezing program Py is selected at the control section 45 
provided in the refrigeration unit 30 attached to the freezing 
compartment 16 side . 

[0097] As obvious from the foregoing, the refrigerating and 
freezing compartments 15 and 16 are respectively controlled 
and cooled on the basis of the individual operation programs 
Px and Py. 

[0098] Regarding pull down cooling, for example, the 

refrigerating compartment 15 will be described again. When 
the internal temperature rises above the set temperature by 
a predetermined value or above, with the opening and closing 
of the doors or the like, pull down control starts and the 
internal temperature is detected at each sampling time. As 
shown in FIG. 8, the degree of actual internal temperature 
drop Sp is computed on the basis of the internal temperature 
detected at every sampling time and compared with a target 
value Ap . When the computed value Sp is less than the target 
value Ap, the rotational speed of the inverter compressor 32 
is increased. For the contrary case, the rotational speed of 
the inverter compressor 32 is decreased. Speed increases and 
decreases are repeated, whereby pull down cooling is performed 
so as to follow an ideal curve (linear line xp) . Subsequently, 
the control operation is executed. 

[0099] The operation is also performed on the freezing 

compartment 16 side in the same manner as described above. 
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[0100] Control-cooling will be described again with respect 
to the refrigerating compartment 15. Control-cooling starts 
when the internal temperature drops to the upper limit 
temperature Tu via pull down cooling. The internal 
temperature is detected at every sampling time. As shown in 
FIG. 8, the degree of actual internal temperature drop Sc is 
computed on the basis of the internal temperature detected 
at every sampling time and compared with a target value Ac. 
When the computed value Sc is less than the target value Ac, 
the rotational speed of the inverter compressor 32 is increased. 
For the contrary case, the rotational speed of the inverter 
compressor 32 is decreased. Speed increases and decreases are 
repeated, whereby the internal temperature gradually drops 
along an ideal curve (linear line xc) . When the internal 
temperature drops to the lower limit temperature Td, the 
inverter compressor 32 is turned off so that the internal 
temperature may gradually rise. The temperature control is 
performed again along the temperature curve xc when the 
internal temperature returns to the upper limit temperature 
Tu . The above temperature control is repeated so that the 
inner atmosphere is substantially maintained about the set 
temperature To. 

[0101] Control-cooling is also executed on the freezing 
compartment 16 side in the same manner as described above. 
[0102] The following effects are achieved from this 

embodiment . 

[0103] Pull down cooling can be performed at both 
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refrigeration and freezing sides according to the 
predetermined pull down cooling characteristics, 
irrespective of conditions such as the capacity of the heat 
insulating housing to which the refrigeration units 30 are 
attached. Accordingly, the performance test in pull down 
cooling has no relation with the heat insulating housing 
actually used to which the refrigeration unit is attached. 
For example, a test heat insulating housing can be used for 
the performance test. Consequently, the degrees of freedom 
in the place and the time of a performance test can be greatly 
increased . 

[0104] Furthermore, excessive pull down cooling can be 

prevented from being executed for a small heat insulating 
housing. Therefore, the above-described arrangement can 
contribute to energy savings. Particularly in this 

embodiment, the linear line xc of the linear function is 
selected as an ideal temperature curve in pull down cooling. 
As a result, calculation is not required since the target 
physical amount reduction degree is constant, irrespective 
of the lapse of time. Accordingly, the control system can be 
simplified . 

[0105] Furthermore, since the internal temperature is 

gradually decreased at a gentle gradient or along an ideal 
curve (linear line xc) in control-cooling, the continuous ON 
time of the inverter compressor 32 is made longer. In other 
words, the number of ON-OFF switching cycles of the inverter 
compressor 32 is greatly reduced. In addition, since the 
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inverter compressor is operated at low speeds, high efficiency 
and energy savings can be achieved. On the other hand, since 
the lower end of the ideal curve (linear line xc) reaches the 
lower limit temperature Td, the inverter compressor 32 can 
be reliably stopped for suitable intervals of time. During 
the stopping of the inverter compressor 32, the evaporator 
36 can perform a defrosting function so that a large amount 
of frost formation can be prevented. 

[0106] Particularly in this embodiment, the linear line xc 
of a linear function is selected as the ideal temperature curve 
in control-cooling. As a result, calculation is not required 
since the target physical amount reduction degree is constant, 
irrespective of the lapse of time. Accordingly, the control 
system can be simplified. 

[0107] In the practical use of the refrigerating storage 
cabinet, there are situations in which the formation of frost 
greatly differs, depending upon conditions such as the 
installation location, the frequency at which the door is 
opened and closed, or the types of food to be stored. 
Accordingly, a plurality of programs is available, differing 
from each other in the operating time of the inverter 
compressor 32. When each program is selectively performed 
according to the conditions of use, an optimum control-cooling 
can be performed according to those conditions. 
<Embodiment 2> 

[0108] Embodiment 2 of the present invention will be 

described with reference to FIGS. 11 to 13. 
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[0109] In embodiment 2, an ideal temperature curve in pull 
down cooling is formed by the curve xpl of a quadratic function 
involving a physical amount and time, as shown in FIG. 11. 
When a constant speed compressor is used, the temperature drop 
characteristic in pull down cooling is generally represented 
as a quadratic function curve. On the other hand, this 
temperature drop characteristic has had real accomplishments 
in the market and has earned a fine reputation from its users. 
This characteristic is used as an ideal curve xpi. 
[0110] In the case of the quadratic function curve xpi, the 
degree of target temperature drop is not constant, but differs 
depending upon the internal temperature. Accordingly, a 
computing section is provided for computing the target 
temperature drop degree. More specifically, in the computing 
section a target temperature drop degree Api is computed from 
the above quadratic function curve xpi as a temperature drop 
amount (AT/ At ) per unit of time in the internal temperature, 
thereby being provided. The temperature drop degree Api may 
be obtained from the differentiation (dT/dt) of the quadratic 
function curve xpi . 

[0111] The operation is as follows. Pull down control starts 
when the internal temperature rises so that the internal 
temperature is detected at every sampling time. The actual 
internal temperature drop degree Sp is computed on the basis 
of the internal temperature detected at every sampling time, 
as shown in FIG. 12. On the other hand, the target temperature 
drop degree Ap x at the current internal temperature is computed 
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from the quadratic function curve xpi in the computing section. 
The computed target value Api is compared with the actual 
temperature drop degree Sp . When the actual temperature drop 
degree Sp is less than the target value Api, the rotational 
speed of the inverter compressor 32 is increased. For the 
contrary case, the rotational speed of the inverter compressor 
32 is decreased. The speed increases and decreases are 
repeated so that pull down cooling is performed along the ideal 
curve (quadratic function curve xpi) . Subsequently, 
control-cooling is executed. The same operations can also be 
performed on the freezing compartment 16 side. 
[0112] Accordingly, pull down cooling can be performed on 
the basis of a temperature drop characteristic that has had 
real accomplishments in the market and has earned a fine 
reputation from its users. 

[0113] Additionally, instead of comparing the target value 
Api with the actual temperature drop degree Sp obtained at each 
sampling time, an average value of the target values Api may 
be compared with an average value of the actual temperature 
drop degree Sp obtained every time, after the passage of 
several sampling cycles. For example, a more accurate control 
can be achieved that is not so easily influenced by a temporary 
change in the internal temperature. 

[0114] The ideal curve xpi of quadratic function curve in 
the embodiment 2 has a target temperature drop degree changing 
from moment to moment. For example, a temperature curve of 
pull down cooling in a no-load condition can be applied in 
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an actual refrigerator (no articles to be refrigerated in the 
refrigerator-freezer) . 

[0115] The target temperature drop degree is required in 
order that a time- temperature characteristic on the ideal 
curve may be directly reproduced. This involves the following 
intention: for example, in a case where pull down cooling is 
performed as a trial operation on a customer site after 
installation, a refrigerator with a constant speed compressor, 
without an inverter, is quite typical when the refrigerator 
operates in the same manner as a model refrigerator 
(temperature changing manner) . 

[0116] Furthermore, as described above, an ideal curve of 
a model refrigerator in a no-load condition is applied to the 
ideal curve for control. Accordingly, for example, when food 
material is placed into the refrigerator, the degree of 
temperature drop slows down and becomes smaller than the target 
temperature drop degree. Since the inverter compressor is 
controlled so that the rotational speed thereof is increased 
in order to compensate for the slowdown, the cooling 
performance is increased. In short, the rotational speed of 
the inverter compressor 32 tends to be increased as a larger 
amount of food material is placed in the refrigerator. This 
demonstrates the high performance of the refrigerator. Since 
the refrigerator behaves as if the entry of food material were 
detected, the above control manner is called a "sensorless 
control . " 

[0117] Furthermore, when the ideal curve of pull down cooling 
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is a quadratic function curve, a steep gradient occurs in the 
start-up. As a result, articles can be quickly refrigerated. 
In addition, the gradient becomes gentler when the internal 
temperature approaches near to the set temperature. As a 
result, overshooting or excessive cooling can be prevented. 
[0118] Additionally, an ideal temperature curve in 

control-cooling may also be formed by the temperature-time 
curve xci of a quadratic function (T = f(t)), as shown in FIG. 
13. On the average, as with the linear line xc in embodiment 
1, the curve xci represents a gradual temperature reduction. 
[0119] In the case of the quadratic function curve xci, 
however, a target temperature drop degree is not constant, 
but instead differs depending upon the internal temperature. 
Accordingly, a computing section is provided for computing 
the target temperature drop degree. More specifically, in the 
computing section a target temperature drop degree Aci is 
computed as a temperature drop amount (AT/ At ) per unit of time 
in the internal temperature from the above quadratic function 
curve xci, thereby being produced. The temperature drop 
degree Aci may be obtained as the differentiation (dT/dt) of 
the quadratic function curve xci. 

[0120] In operation, the refrigerator proceeds to 

control-cooling when the internal temperature drops to the 
upper limit temperature Tu. The internal temperature is 
detected at every predetermined sampling cycle. An actual 
internal temperature drop degree Sc is computed on the basis 
of the detected internal temperature at every sampling time, 
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as shown in FIG. 12. On the other hand, the target temperature 
drop degree Aci at the current internal temperature is computed 
in the computing section using the quadratic function curve 
xci. The computed target value Aci is compared with the actual 
temperature drop degree Sc. When the actual temperature drop 
degree Sc is less than the target value Aci, the rotational 
speed of the inverter compressor 32 is increased. For the 
contrary case, the rotational speed of the inverter compressor 
32 is decreased. The speed increases and decreases are 
repeated so that pull down cooling is performed along an ideal 
curve (quadratic function curve xci) . Subsequently, 
control-cooling is executed. The same operations can also be 
carried out at the freezing compartment 16 side. 
[0121] As in embodiment 1, control-cooling can be performed 
with energy savings. In addition, an operation stop time of 
the inverter compressor 32 can be reliably provided at suitable 
intervals . 

[0122] Furthermore, an ideal curve of pull down cooling may 
be the quadratic function curve xpi, and an ideal curve of 
control-cooling, continuing from pull down cooling, may be 
the linear line xc of a linear function, as shown in embodiment 
1 above . 
<Embodiment 3> 

[0123] FIGS. 14 to 16 illustrate embodiment 3 of the 

invention. In embodiment 3, the target temperature drop 
degree Ap 2 , corresponding to an internal temperature, is 
previously obtained on the basis of an ideal pull down cooling 
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characteristic. A reference table relating the internal 
temperature with the target temperature drop degree Ap 2 is 
generated beforehand and stored in a data storing section 49, 
as shown in FIG. 14. 

[0124] The operation of embodiment 3 is as follows. Upon 
the start of pull down control, the internal temperature is 
detected at each predetermined sampling time. As shown in FIG. 
14, the actual internal temperature drop degree Sp is computed 
on the basis of the detected internal temperature at every 
sampling time. A target temperature drop degree Ap 2 for the 
current internal temperature is retrieved from the reference 
table, thereby to be provided. The delivered target value Ap 2 
is compared with the actual internal temperature drop degree 
Sp. When the actual internal temperature drop degree Sp is 
less than the target value Ap 2 , the rotational speed of the 
inverter compressor 32 is increased. For the contrary case, 
the rotational speed of the inverter compressor 32 is decreased. 
The speed increases and decreases are repeated so that pull 
down cooling is performed following along an ideal pull down 
cooling characteristic. Subsequently, control operation is 
executed. The operations are executed in the same manner on 
the freezing compartment 16 side. 

[0125] In embodiment 3, a temperature drop characteristic 
that has had real accomplishments in the market and has earned 
a fine reputation from its users, as exemplified in embodiment 
2, can be applied as an ideal pull down cooling characteristic. 
[0126] In particular, the target temperature drop degree Ap 2 
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is obtained only through the retrieval of the reference table, 
no computation is required. As a result, the control speed 
can be increased. 

[0127] Furthermore, a target temperature drop degree Ac 2 , 
corresponding to an internal temperature, is previously 
obtained on the basis of an ideal control-cooling 
characteristic. A reference table relating the internal 
temperature with the target temperature drop degree Ac 2 is 
previously produced and stored in the data storing section 
49, as shown in FIG. 16. A temperature that can belong to the 
control-cooling zone serves as the internal temperature 
stored in the reference table. 

[0128] In operation, upon the start of control-cooling, the 
internal temperature is detected at each sampling time. As 
shown in FIG. 15, the actual internal temperature drop degree 
Sc is computed on the basis of the detected internal 
temperature at every sampling time. A target temperature drop 
degree Ac 2 at the current internal temperature is retrieved 
from the reference table, thereby to be provided. The 
provided target value Ac 2 is compared with the actual internal 
temperature drop degree Sc. When the actual internal 
temperature drop degree Sc is less than the target value Ac 2 , 
the rotational speed of the inverter compressor 32 is increased. 
For the contrary case, the rotational speed of the inverter 
compressor 32 is decreased. The speed increases and decreases 
are repeated so that control-cooling is performed to follow 
along an ideal pull down cooling characteristic (approximate 
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quadratic function, for example). The operations are 
executed in the same manner on the freezing compartment 16 
side . 

[0129] As in embodiments 1 and 2, control-cooling can be 
performed with energy savings, and an operation stop time for 
the inverter compressor 32 can be reliably provided at suitable 
intervals. In the same way, the reference table is only 
retrieved in order to obtain the target temperature drop degree 
Ac 2 , but no computation is required. As a result, the control 
speed can be increased. 
<Embodiment 4> 

[0130] FIG. 17 illustrates embodiment 4 of the invention. 
Embodiment 4 is directed to pull down cooling. For example, 
in a refrigerator with a set internal temperature of 3°C, it 
is rare for the internal temperature to rise to 15°C or 20°C / 
even though the door may be frequently opened and closed, or 
a large amount of warm food material is placed within the 
refrigerator. It is the zone at or lower than 20°C or 15°C 
that requires a returning force. In this zone, rapid 
refrigeration following a pull down cooling characteristic 
of a quadratic function is desirable. However, when a 
quadratic function is applied to the zone at or higher than 
20°C or 15°C (first half of pull down cooling) , a large cooling 
performance is required. Accordingly, the inverter 

compressor 32 able to cope with high-speed rotation or an 
evaporator 33 with a large capacity is required. In other 
words, in order to cope with the first half of pull down cooling, 
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which has low frequency and is less important, the provision 
of the above inverter compressor or evaporator is almost 
excessive . 

[0131] Accordingly, in embodiment 4, a linear function xp 
(see embodiment 1) is applied to a pull down cooling 

characteristic in the first half of pull down cooling. A 

quadratic (see embodiment 2) or an approximate exponential 
(reference table type; see embodiment 3) function xpi is 

applied to the pull down cooling characteristic in the second 

half of the pull down cooling. 

[0132] In the case where the linear function xp is followed, 
the rotational speed of the inverter compressor is initially 
low and gradually increased. Accordingly, the inverter 
compressor 32 able to cope with an unnecessary high-speed 
rotation or an evaporator 33 with a high heat-radiating 
performance is not provided. On the other hand, rapid 
refrigeration can be realized in the second half of pull down 
cooling requiring an internal temperature returning force. 
<Embodiment 5> 

[0133] Embodiment 5 of the invention will be described with 
reference to FIG. 18. As exemplified in embodiment 1, pull 
down cooling is performed so as to follow an ideal pull down 
cooling characteristic (linear line xp) in the pull down 
cooling zone. In embodiment 5, however, even when the 
internal temperature reaches the upper limit temperature Tu 
and enters the control-cooling zone, pull down cooling is 
continued, following the cooling characteristic xp with the 
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inverter compressor 32 under speed control, until the set 
temperature To is reached. 

[0134] The control on the basis of the cooling characteristic 
xp ends when the internal temperature has dropped to the set 
temperature To. At the same time, the rotational speed of the 
inverter compressor 32 is reduced. Subsequently, the 
internal temperature gradually drops. The inverter 

compressor 32 is turned off when the internal temperature has 
reached the lower limit temperature Td. When the internal 
temperature gradually rises, returning to the upper limit 
temperature Tu, control on the basis of the above cooling 
characteristic (linear line xp) is performed until the 
internal temperature reaches the set temperature To and the 
rotational speed of the inverter compressor 32 is reduced. 
The above operation is repeated so that the interior is 
maintained approximately about the set temperature To. 
[0135] The internal temperature is decreased to the set 
temperature To for the period following pull down cooling when 
the internal temperature has entered the control-cooling zone. 
Accordingly, even when the inverter compressor 32 is operated 
at low speeds for energy savings, the internal temperature 
reliably drops to the lower limit temperature Tu . After which, 
the inverter compressor 32 can be stopped. Similarly, a 
defrosting operation is performed in the evaporator 36 such 
that a large amount of frost formation can be prevented. The 
same control can also be executed on the freezing compartment 
36 side. 
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<Embodiment 6> 

[0136] FIGS . 19 and 20 illustrate embodiment 6. Embodiment 
6 provides an improvement of embodiment 5. In the above 
embodiment 5, the internal temperature is decreased to the 
set temperature To in a single period. Thereafter, the 
rotational speed of the inverter compressor 32 is reduced so 
that the internal temperature gradually drops to the lower 
limit temperature Tu. When variations in the load or the like 
cause the internal temperature to rise in the middle of a 
temperature drop, it takes a great deal of time for the internal 
temperature to drop to the lower limit temperature Td. 
Accordingly, there is the creation of concern that the 
continuous ON time of the inverter compressor 32 will become 
unduly long. 

[0137] In view of this problem, embodiment 6 provides a 
control function for compensation. In describing the 
operation, as shown in FIG. 19, the rotational speed of the 
inverter compressor 32 is reduced after the internal 
temperature has dropped to the set temperature To. When 
entering a (spontaneous) temperature drop zone, the internal 
temperature is detected at every sampling time. As shown in 
FIG. 20, the actual internal temperature drop degree Sc is 
computed on the basis of the internal temperature detected 
at every sampling time. The inverter compressor 32 is 
maintained at the current rotational speed when the computed 
value Sc is positive or when the internal temperature has 
dropped . 
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[0138] Conversely, when the actual internal temperature drop 
degree Sc is negative (including zero) f the internal 
temperature is regarded as having reversed direction, rising 
in the middle, as shown by the broken lines in FIG. 19. The 
rotational speed of the inverter compressor 32 is increased. 
As a result, the internal temperature again drops. The 
rotational speed of the inverter compressor 32 is repeatedly 
increased when necessary, whereby the internal temperature 
is forced to reliably drop to the lower limit temperature Td. 
[0139] Additionally, when the actual internal temperature 
drop degree Sc is positive, namely, the internal temperature 
is regarded as having reversed direction and dropping, the 
rotational speed of the inverter compressor 32 may be reduced 
towards a speed at which the compensation control starts. 
<Embodiment 7> 

[0140] Embodiment 7 of the invention will be described with 
reference to FIG. 21. When the temperature of the heat 
insulating housing reduces from Ti to T 2 due to heat radiation, 
as shown in FIG. 21A (Ti>T2) , in many cases the temperature 
T in the housing is approximated by an exponential function 
curve, as shown by the following equation and in FIG. 21B: 
[0141] T = T 2 ~ (T 2 -Ti) e~ At 

where A is a constant. Accordingly, an exponential function 
curve may be used as the target temperature curve in pull down 
cooling and control-cooling. The operation of embodiment 7 
is similar to that of embodiment 2. 
<Embodiment 8> 
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[0142] FIG. 22 illustrates embodiment 8 of the invention. 
Embodiment 8 shows another control example in pull down cooling. 
In short, a plurality of target temperature curves in pull 
down cooling is stored. An optimum temperature curve is 
selected according to the changes in the internal temperature. 
The control is performed so as to follow the temperature curve. 
[0143] For example, in a case where pull down cooling is 
performed for a freezer when the internal temperature is high 
(at or above 20°C / for example) and the freezer is heavily 
loaded, it is accordingly proper to apply a temperature curve 
xp(l) with a gentle temperature drop. When the internal 
temperature has dropped to some extent, it is then desirable 
to follow a temperature curve xp ( 2 ) with a larger temperature 
drop, since the food material should be prevented from 
deterioration by rapid cooling. In addition, for the freezing 
temperature zone in the freezer (particularly, in the range 
from 0°C to -5°C) , it is known that the quality of frozen foods, 
such as meat or fish, is improved when the freezing temperature 
zone (0°C to -5°C) is traversed as early as possible. In this 
zone, the evaporating temperature (low pressure) is also 
reduced. As a result, the operation of the inverter 
compressor at high speeds does not result in heavy loads. 
Consequently, it is preferable to select a temperature curve 
xp(3) with an even larger temperature drop for the zone. 
[0144] Therefore, a plurality of target cooling 

characteristics is provided in pull down cooling. A suitable 
one of the target cooling characteristics is selected 
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according to the temperature zone in the interior. Therefore, 
optimum temperature control is possible over the entire zone 
of pull down cooling. 
<Embodiment 9> 

[0145] FIG. 23 illustrates embodiment 9 of the invention. 
In embodiment 9, a plurality of target cooling characteristics 
is also provided in pull down cooling. One temperature curve 
is selected on the basis of the difference between the set 
internal temperature and the current internal temperature. 
An effective use is as a returning means against a transient 
temperature rise in control-cooling. 

[0146] For example, during operation in the control 

refrigeration zone, the door is frequently opened and closed 
or warm food is placed within the refrigerating storage cabinet . 
Consequently, the internal temperature rises to a large degree. 
In this case, the refrigerating storage cabinet proceeds from 
the control-cooling zone to the pull down cooling zone, for 
example, in embodiment 1. As a result, since the target 
temperature curve is also changed to a curve with a large 
temperature drop (xp) , the operation usually restores the 
internal temperature . 

[0147] However, when the door is opened and closed 

excessively per unit of time or the amount of food material 
placed within the freezer is excessively large, or the 
temperature of the food material is high, the internal 
temperature, which may be sufficiently higher than the set 
temperature (3°C), for example, such as 10°C (difference is 
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7°C ), is unsuitable for the storage of food material. 
[0148] Accordingly, as shown in FIG. 23, when the internal 
temperature has reached a value 7°C higher than the set 
internal temperature (3°C), the normal temperature curve 
xp(a) for pull down cooling is changed to a temperature curve 
xp(b), having a temperature drop degree of 1.5 to 3 times 
greater than the normal curve. The operation is controlled 
so as to follow the temperature curve xp(b) . As a result, the 
internal temperature can quickly be restored. 
[0149] In this case, when the internal temperature has been 
restored and reaches the control-cooling zone, the 
temperature curve is again reverted to the control-cooling 
temperature curve xc. Additionally, the temperature curve 
xp(b), with a higher temperature drop degree, is canceled. 
[0150] Therefore, the above is effective when a rapid 

temperature return is performed in the case where the internal 
temperature has shifted by a large extent from the 
control -coo ling zone . 
<Embodiment 10> 

[0151] Embodiment 10 of the invention will be described with 
reference to FIG. 24. The heat-exchange characteristic of an 
evaporator 36 is reduced when a large amount of frost is 
attached to the evaporator 36 in the refrigerating storage 
cabinet of this type. When the operation is continued 
following a target cooling characteristic (temperature curve) 
xp or xc while the evaporator 36 is frosted, the rotational 
speed of the inverter compressor 32 needs to be increased so 
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that the evaporating temperature is decreased. Thereby, the 
difference is increased between the internal temperature and 
the evaporating temperature. However, this results in a waste 
of electric power even though the internal temperature and 
the internal temperature drop can be maintained. 
[0152] Accordingly, when the difference between the internal 
temperature and the evaporating temperature exceeds a 
predetermined value, for example, 17°C (normally, about 
10°C ) , the temperature curve to be followed is changed to 
a temperature curve xp(a), as shown in FIG. 24. In addition, 
the control is executed so that the internal temperature 
becomes slightly higher than the set temperature. For example, 
an internal temperature of 8°C, which is 5°C higher than the 
set temperature of 3°C, may be maintained by the temperature 
curve . 

[0153] In short, the intention is to achieve energy savings 
without excessive cooling of the interior and at the same time 
prevent frost formation. 

[0154] The defrosting operation may be forced when the 

difference between the internal temperature and the 
evaporating temperature exceeds a predetermined value 
(17°C ) . 

[0155] Furthermore, the above-described temperature curve 
xp(a) may be used as the target temperature curve in an 
emergency evacuation. For example, the maximum rotational 
speed of the inverter compressor 32 is not maintained, but 
instead a gentler temperature curve xp(a) is selected in an 
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emergency evacuation. This happens when cooling along the 
target temperature curve xp or xc cannot be performed for the 
reason that the original cooling performance is insufficient 
against the load, the evaporator 36 is frosted, or refrigerant 
leaks (the actual cooling state is shown by the temperature 
curve xpr in the figure) . After the lapse of a predetermined 
time, the temperature curve xp or xc is re-selected. When the 
temperature curve cannot be followed at this time, the 
refrigerator may be used to deliver a failure diagnosis signal . 
<Related technique> 

[0156] The following control may be executed so that energy 
savings is realized by taking advantage of using the inverter 
compressor 32 in control-cooling and then providing an OFF 
time. As shown by the solid line graph in FIG. 25, the inverter 
compressor 32 is forced to be turned off when a timer measures 
a predetermined ON time of the inverter compressor 32. 
[0157] Furthermore, as shown by the broken line graph in this 
figure, the rotational speed of the inverter compressor 32 
may be increased when a timer measures a predetermined ON time 
of the inverter compressor 32. As a result, the internal 
temperature is forced to decrease to the lower limit 
temperature Td, whereby the inverter compressor 32 is turned 
off. In this case, since the internal temperature is 
decreased once to the lower limit temperature, the OFF time 
of the inverter compressor 32 is rendered relatively long as 
compared with a forced turn-off. 
<Other embodiment s> 
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[0158] (1) A time-varying mode of internal temperature is 
exemplified as a cooling characteristic to be followed in the 
foregoing embodiments. However, a measure or standard may be 
used on the side of the refrigeration unit, for example, the 
low pressure of the refrigerant or the time-varying mode of 
the evaporating temperature. 

[0159] (2) In the foregoing embodiments, the inverter 

compressor is used as a means for adjusting the refrigerating 
performance of the refrigeration unit. The means should not 
be limited to the above. A compressor having multiple numbers 
of cylinders and an unload function in which the number of 
driven cylinders is adjusted according to the load, and other 
variable capacity type compressors may be used. 
[0160] (3) The present invention should not be limited to 
the case where the refrigeration unit is common to 
refrigeration and freezing. The present invention may be 
applied to a case where the refrigeration unit is dedicated 
to refrigeration or freezing. A desired pull down cooling can 
be performed in the individual refrigerating storage 
cabinets . 

[0161] (4) Furthermore, a refrigerating apparatus may not 
be unitized. A compressor, evaporator, or the like, may be 
attached to the refrigerating apparatus. 



